The high luminosity upgrade planned for the LHC requires crab cavities to rotate bunches into alignment at the interaction points.
hours of operation. For the proposed optics, luminosity would 23 be reduced by a factor of about four when there is no bunch 24 alignment using a crab cavity. The precise reduction factor de-25 pends on the level of focusing achieved. The proposal for the 26 luminosity upgrade is to have control of the crabbing angles at 27 interaction points 1 (ATLAS) and 5 (CMS).
28
A crab cavity is a deflection cavity operated with a 90
• phase 29 shift [4] so that a particle at the front of a bunch gets a transverse 30 momentum kick equal and opposite to a particle at the back of a 31 bunch while a particle at the bunch center receives no transverse 32 momentum kick. The overall effect is the application of an ap-33 parent rotation to the bunch. In this paper a transverse change 34 in momentum for a bunch or a particle as it passes through a 35 cavity will be referred to as a kick. A kick is the integral of are again for the case when the acceleration mode is strongly 116 damped with a Q e of 100. This is the required level of damping 117 in the absence of active damping.
118
Section 5 firstly considers active damping with the same con-119 trol parameters used in section 4 for the case when Q e is in-120 creased to 300. As the quality factor is increased it becomes in-121 creasingly unlikely that the acceleration mode could be driven 
Increments for the in phase and quadrature parts of the phasor the bunches. Figure 1 
where ω c is the instantaneous cavity frequency and Q L is the 
Expressing the cavity voltage increment from a bunch deter-226 mined from Eqs. 2 and 3 simply as δV then the condition for 227 steady state is that
In Eq. 7 as before and without loss of generality the absolute 230 phase of the kick can be chosen as zero so the phase of the 
and
then the phase of the cavity field at the instant before the bunch arrives is given by
The magnitude at the same instant is determined as
Note that the steady state voltage does not depend on the 237 starting voltage V (0) or the relative phase of the first bunch.
238 Figure 2 plots the factor multiplying of δV in Eq. 11. ing, cooling and then tuning of the operating mode.
277
With respect to establishing a controller to reduce or elimi- 
291
The steady state condition of Eqs. 10 and 11 becomes upset 
298
Ordinarily after a gap, bunches get kicks that are substan-
299
tially different to the kicks they would receive at steady state. is the exponential decay of the field after each bunch. An idealized LLRF system that might be used for active 349 damping of an unwanted mode is shown in Figure 5 .
350
The RF system needed to drive the mode needs to operate Because the mode is heavily damped control is relatively insen-378 sitive to errors in estimating the mode frequency.
379
The set point for the RF system is set after each bunch ac-380 cording to the algorithm to the real cavity then the mode amplitude, the mode phase and 469 bunch kicks would be nominally the same as the predictions.
470
The feed forward term coming from the simulation is based on 471 expected bunch charge and mode center frequency. As some 472 variation is expected, the feed forward contribution might be 473 supplemented with a feedback term based on errors for the pre- 
497
The slew rate of the amplifier is determined by the propor- Results when the gain is reduced by a factor of 5 and the ampli- 
570
Distinct levels arise whenever there are delays in the con-
571
troller or averaging of measurements of the mode amplitude.
572
Increasing the bandwidth for the measurements or increasing 573 the integral term in the controller increases the splitting of these 574 levels. As delays in the control system increase, the gain must 575 be reduced to limit the splitting of these levels. 
704
The current on the transmission line is given as 
The current in the transmission line equals the sum of the cur- 
By substituting Eq. 14 into Eq. 15, one can eliminate the re- 
